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IN'JXOlXi CTION 

I 
f 
E 
E 
T 

The objective of t h i s  research program is  t o  develop a primary ba t te ry  

with an energy density of a t  l ea s t  200 watt-hours per pound of t o t a l  

ba t te ry  weight. 

We have now placed s ignif icant  emphasis on the  development of an apro t ic  

e lec t ro ly te  of high conductivity which i s  e s sen t i a l  i n  obtaining good 

ba t te ry  performance. 

been primarily directed toward a c l a r i f i c a t i o n  of t he  basic fac tors  

iKfliJeEckg the behavior of nonaqueous electrolytes .  

I n  t h i s  respect our experimental investigation has 

The electrochemical tests have a l s o  been made t o  study the behavior of 

t h e  electrodes i n  the  electrolytes  possessing favorable e l ec t ro ly t i c  

conductances. 

- 1 -  
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I. OVERALL PROGRESS 

A .  Elec t ro ly t ic  Conductivities of Electrolytes  

1. Qualitative Screening. I n  order t o  permit rapid screening, t h e  

solute  and t h e  solvent were mixed in such a proportion s o  t h a t  a 

one molal solut ion resulted whenever complete solut ion of t h e  

so lu te  occurred. I n  most cases complete solution d id  not occur. 

Thus i n  most cases t h e  conductivity values obtained represent 

those of saturated solutions. Where both complete solution and 

favorable conductance are observed, t he  systems are then inves t i -  

gated quant i ta t ively.  

In  addition t o  dimethyl formamide (DMF) and propylene carbonate 

(E), w e  selected tetramethyl urea ("MU) as another apro t ic  

solvent. 

177OC. 

of t h e  dimethylmino group f o r  t h e  hydrogen attached t o  the  

carbonyl group of dimethyl formamide. Thus TMU was examined t o  

determine i ts  d ie lec t r ic  constant, solvent power, v i scos i ty  and 

t h e  conductance of i t s  solutions,  It w a s  found t h a t  i t s  d i e l e c t r i c  

constant was about 25 and its viscosi ty  was  1.U centipoises a t  

25OC. 

cesium hexafluorophosphate showed t h e  best  conductivity, 

2.6 x lo'* ohm'l cm 

It has a density of 0.972 a t  15°C and boiling point of 

The purpose was t o  study t h e  e f f ec t  of t he  subst i tut ion 

Among t h e  solutes tested i n  TMU, t h e  one molal solut ion of 

-1 

A number of fluorine-containing and chlorine-containing compounds 

were added t o  t h e  l i s t  of solutes and t h e  conductivities of some 

- 2 -  



of t h e i r  solutions i n  DE?, PC and 'TNU were measured. 

A l l  the  resu l t s  of t he  screening tests a r e  presented i n  

Table I. (Pages I V - 1  through 9)  . 
The examination of Table I reveals t h a t  most of the  one 

molal solutions had conductivities higher than tha t  of 

solutions which became saturated a t  a concentration of less 

than one molal. I n  other words, t h e  solutions with higher 

concentration of solutes gave higher conductances than the  

saturated solutions. 

2. Quantitative Studies. The solutions f o r  t h e  quant i ta t ive 

determination of concentration-conductivity relationships 

were prepared by mixing t h e  solute  and t h e  solvent at  various 

concentration levels. 

made. Visual. observation of undissolved so l ids  supplemented 

by t h e  conductivity measurements enabled us  t o  determine t h e  

concentration a t  saturation. 

Conductivity measurements were then 

The following systems weye tes ted:  

a. KPF, - Dimethyl f omamide e 

b. NaBF, - Dimethyl formamide. 

c. MriPF, - Dimethyl formamide. 

d. KPF, - Propylene carbonate. 

e. NaBF, - Propylene carbonate. 

- 3 -  



a. 

b. 

KFT,-pIF (Table I1 page IV-10 and Figure 1 page IV-ll)  . 
The s o l u b i l i t y  of KPF, i n  I;MF exceeded four molal and the 

maximum cond~ctivity--2.,I~8 x 

1 .5 molal concentration. 

in conductivity as the  concentration exceeds 1.5 molal 

level was due t o  the  increase i n  viscosity- The v i scos i t i e s  

were then measured by using Os twa ld - type  viscosimeters at  

25OC ( the  apparatus is shoun i n  Figure 2 page IV-12). 

The results show that  as the concentration exceeded 1.5 

molal, the viscosi ty  increased dras t ica l ly .  This phenomenon 

law have resul ted fram the  in te rac t ion  of t h e  so lu te  ions 

with the solvent.  

-1 
ohm-' an --existed a t  

It was fe l t  t h a t  the decrease 

NaEF,-PIF (Table III page IV-13). 

%e sol t ibi l i ty  af NaBF, i n  IBF was high. 

a cer ta in  small amount'& solid was present at  t h e  bottom of 

each of the solutions at all concentrations. 

t he  insoluble aolid was estimated+to be 8 t o  ll% by weight 

of t&e t&al amount of solute  added t o  the DMF and its 

ided t i ty  has not yet been determined. 

vityo-2.27 x 

corrected f o r  the  insoluble sol id)  . 

It was noted t h a t  

The amount of 

The m w  conducti- 

ohm-l Cm' l  --existed at 1.48 mold  (not 

Although the concentrations have not ye t  been corrected f o r  

the insoluble residue, the shape of the conductivity curve 

- should not be changed by t he  correction. 

~~ 

* The solut ion and t h e  solid were filtered and washed with DMF. The 
8oUd was then dried and weighed, 

- 4 -  



c. NaPF,-DMF (Table IV page Iv-lh) 

In t h i s  system an insoluble residue w a s  a lso  present. 

The estimated amount of insoluble so l id  is  about 13% by 

weight of the  t o t a l  solute  added t o  the  DMF, A t  1,s 

molal concentration where m a x i m u m  conductivity should 

have been observed, a point off of t h e  curve was obtained 

and t he  recheck of the point has not as yet been made, and 

w i l l  be established l a t e r ,  

saturated and exhibited a maximum conductivity of 7.25 x 

IOo3 ohm’’ cm’l. It appears therefore  t h a t  the conducti- 

v i t y  is l imited by the so lubi l i ty .  

e, NaBF,-PC (Table V I  page IV-16). 

Again, there  was a cer ta in  amount of insoluble so l id  

present i n  each solution. Since both the maximum conducti- 

vity, 1.77 10-3 , and t h e  so lub i l i t y  (less than 

1 molal) a r e  low, t h e  amount of the  insoluble so l id  was not 

estimated, 

To summarize t h e  findings from the above quant i ta t ive  studies, 

it was noted t h a t  t h e  propylene carbonate solutions did not 

exhibi t  maximum conductivity a t  a concentration lower than the  

saturat ion point,  It appears t h a t  the s o l u b i l i t i e s  of KPF, and 

NaBF, i n  PC were not high enough t o  allow the  conductivit ies t o  

- 5 -  



exceed t h e  maxima. 

duc t iv i t i e s  existed a t  concentrations lower than the  saturat ion 

points. 

apparently accuunts for t he  decrease i n  conductance a t  higher 

concentrations 

As f o r  t h e  DlF' solutions, m a x i m u m  con- 

The high degree of in te rac t ion  of the so lu te  ions 

3. Emlora tom Tests. 

a. Mixed Solutes. Two s a l t s  may reac t  and form ionizable 

complexes which can dissociate  i n  the solution and form 

free ions according t o  t h e  following reactions: 

If the products are easier  t o  ion ize  i n  a solvent than 

&therm or  M'X', the synergis t ic  effect  should be detectable  

by m e a n s  of the  conductivity measurement, Furthermore it was 

fel t  t h a t  t h e  order of addition of t h e  two salts t o  t h e  

solvent might influence t h e  nature of the react ion involving 

three  reactants,  i . e .  MX, M'X' and the  solvent.  Therefore, 

t h e  conductivity measurements were repeated f o r  some of t h e  

MX-H'X'-solvent systems by reversing t h e  order of a d d i t i m  

of these two salts. 

?he results a r e  presented in Table I pages IV-2, 3 ,  4 and 7. 

It was found that  i n  most cases t h e  conductivit ies were 

unfavorable, although t h e  BeCl,SiF,-IIMF system exhibited a 

synergis t ic  effect The order of addition of t h e  salts d id  

not affect t h e  conductivity s ign i f icant ly .  

- 6 -  



b. Salt-Ether Complexes. It is  known that ether-oxygen is  

an electron donor, and L e w i s  acids a re  electron acceptors. 

They are  capable of forming coordination compounds. 'The 

coordinate covalent bonds between t h e  m e t a l  of the  Lewis 

acid and the  electron donor m a y  be very strong as compared 

with t h e  ion ic  bond between the metal of Lewis acid and 

t he  anions of t he  Lewis  acid. It should a l so  be true t h a t  

t he  s t a b i l i t y  of the metal chelate i s  t h e  highest if  t h e  

metal chelate i s  formed i n  scch a w a y  t h a t  the coordination 

number of t h e  metal equals the  number of the  ligand groups 

(ether-omjgen) i n  the ether.  If a su i tab le  solvent i s  used 

t o  perform charge separation, i .e. t o  separate t h e  l a rge  

m e t a l  chelate cations from t h e  anions of t he  Lewis acid, 

high 

might r e su l t  i n  a very highly conductive solution. 

ion concentrations may be obtained and t h i s  then 

For t h i s  

reason, we have selected a group of e thers  (Table V I 1  page 

E-17)  t o  be used in  the  conductivity tests. 

Two ethers, m-dimethoxybenzene and Bis[2-( 2-methoxy ethoxy) 

ethyg ether, were tes ted with BeFF,,  B e l , ,  BF3 and BC1,. 

Except f o r  BeF, , all of t h e  other solutes reacted exothermically 

with the  ethers  and resul ted i n  colored solutions.  The conduc- 

t i v i t y  r e s u l t s  arc presented i n  Table V I 1 1  page IV-18. The 

solutions tested thus far ape a l l  t o o  low i n  conductivity t o  

be used as electrolytes.  

b 
a 
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c . Tetrabutsl  ammonium iodide (TBAI) -Solvent. 

T B A I  has both large anions and cations and was original ly  

selected t o  study t h e  effect of ion ic  s i z e  of solute  on 

so lub i l i t y  and conductivity. 

PC had a conductivity of 5.3 x 

Its one molal solut ion i n  

ohm'' cm-' which is  

f a i r l y  high among t h e  PC solutions but not as high as t h e  

value obtained i n  its DMF solution, It w a s  then f e l t  t ha t  

t h e  e f fec t  of t h e  low v iscos i ty  of DMF might be more 

s ignif icant  than the  effect  of t h e  high d i e l ec t r i c  constant 

of PC. Two more solvents, i .e. N-methyl formamide ("F) and 

TMU, were then tested with TBAI as t he  solute .  The conduc- 

t i v i t i e s  of t he  solutions and t h e  d i e l e c t r i c  constants and 

v i scos i t i e s  of t h e  solvents are presented as follows: 

Solvent Properties S olu t i on 

Dielectr ic  Viscosity Specif ic  Conductance 
Solvent Constant (Centipoises) (ohm-' cm-1) 

L b  18 2 1.88 1 .2  x lo-* 1 molal solut ion 

PC 64 2.52 0.53 x 1 molal solut ion 

DMF 37 0 -81 1.0 x 10'2 1 molal solut ion 

TMU 25 1 041 0.18 x low2 Saturated a t  less  
than 1 molal 

The r e su l t s  suggest t h a t  t he  influence of t he  v iscos i ty  on 

t h e  conductivity m a y  be j u s t  as important as t h a t  of t he  

d i e l ec t r i c  constant e 

d. Alka l i  m e t a l  hexafluorophosphates-DMF solutions.  Cesium, 

potassium, sodium and lithium hexafluorophosphates were 

- 8  - 



selected t o  study the e f f ec t  of s i z e  of a l k a l i  m e t a l  cations 

on t h e  conductivities e 

were very soluble i n  DMF. 

molal solutions were  measured and tabulated below: 

A11 t h e  hexafluorophosphates tes ted  

The conductivit ies of the one 

c Sm6 2.52 x ( 2 6 " ~ )  

KPF6 2.37 x loo2 ( 27 "c)  

Nap6 2.33 x (29°C) 

* LiPF6 2.06 x ( 2 8 . 5 " ~ )  

It appears t h a t  the  conductivity increases s l i gh t ly  with 

increasing cat ion size but t ha t  t he  conductivity might be 

dominated by t h e  hexafluorophosphate anion. 

B Electrochemical Tests 

As a preliminary study of t h e  charac te r i s t ics  of t he  electrode 

I ~ L ~ L ~ L  ids i n  the more promising electrolytes ,  t h e  electrochemical 

9 W e  were unable t o  purchase pure anhydrous LiPF,. 
prepared metathetically by mixing a two-molal KPF6-DMF solution and a two- 
molal LiC1-DMF solut ion i n  t h e  proper r a t i o .  Previous conductivity 
measurements had indicated a low so lub i l i t y  of K C 1  i n  DMF'. A s  expected, 
a white crystall ine so l id  precipitated when the  above two solutions were 
m i x e d .  This so l id  was f i l t e r ed ,  washed with DMF, weighed, and analyzed. 
The results were as follows: 

Therefore, it was 

Theoretical KC1 KC1 found 

Total weight 7.04 gm 7.05 gm 
Weight % K 53.2 53 03 (flame photometer) 
Weight % C1 b4.0 45 04 (volhard t i t r a t i o n )  
Weight $ L i  0 a 0  (0 *05 (flame photometer) 

Thus w e  conclude t h a t  t h e  conversion of KPF, and L i C l  t o  LiF'F, 
was about 98%. 

and KCl 

- 9 -  
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tests on sma l l  c e l l s  were performed us ing  NiF,-Ni and CuF,-Cu as  

t h e  cathode materials and Mg as t h e  anode material. The electrodes 

and t h e  electrolytes were desiccated over P,O, f o r  a t  l e a s t  two 

days p r i o r  t o  the  tests. The objectives of t h e  qua l i ta t ive  electro- 

chemical tests were t o  determine, 1) if t h e  c e l l  systems exhibi t  

t h e  theore t ica l  open c i rcu i t  potentials,  and, 2) t h e  compatibility 

of t h e  electrode materials and t h e  electrolytes .  

presented i n  Table I X  page I V 4 9  through 20. 

The resu l t s  a r e  

The i n i t i a l  open c i r cu i t  potentials of a l l  t he  systems tested were 

fzr he lov  %he thenr~t. ic1-l  vdiies. Chaa-ging current was then applied 

t o  the  c e l l  systems t o  reduce t h e  magnesium surface and a l so  t o  

remove moisture electrochemically. 

c i r cu i t  potent ia ls  a f t e r  charging were higher than the  theore t ica l  

values (see t ab le  below) . 

In  most cases, the  observed open 

Highest Values Obtained: 
ocv (vol t s )  

Cell Systems I n i t i a l  After Charging 

1 Mg/KFF, -PC/CUF,-CU 1.36 1 .wc 
2 Mg/Nd3F4-PC/CuF2 -CU 1.31 3 .o 

3 .  Mg/KPF, -PC/NiF, - N i  1 e24 3 -14 
4. Mg/NaBF,-PC/NiF,-Ni 1.2b 2 09 

5.  MgfiPF, -DMF/NiF,-Ni 1 20 3 -26 

6. Mg/Na13F4-IMF/NiF, - N i  1.22 2 -42 

Theoretical 
om (vol t s )  

2.92 

2.92 

2 e 2 1  

2.21  

2.21 

2.21 

- 10 - 
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The Tlumber "1" system was run before the  others and the  charging 

period was short  as  compared with t h a t  of t he  other experiments, 

Had a longer charging period been used, a higher open c i r c u i t  

potent ia l  than le,!& volts  might have been obtained. 

experiments where abnormally high open c i r c u i t  potent ia ls  were 

obtained, longer charging periods were used. 

I n  t h e  other 

V i s u a l  observations were frequently made during t h e  tests. 

s ign i f icant  corrosion of t he  magnesium anode was observed and t h e  

cathode materials appeared t o  be s t ab le  i n  a l l  of t h e  six systems 

tes ted  . 

No 

The system Mg/KPF,-PC/NiF,-Ni was selected t o  study the  e f fec t  of 

moisture on the  c e l l  p o t e n t i a l  by using a KPF,-PC solut ion already 

exposed t o  the  moist atmosphere f o r  two days. 

t h e  high oDen c i r c u i t  potent ia l  was never achieved and t h e  measured 

open c i r c u i t  potentials were unstable. 

It was found t h a t  

Another s e t  of Mg and NiF,-Ni  electrodes and KPF,-PC e lec t ro ly tes  

which had been desiccated Over P,O, f o r  some time were then 

assembled. 

30 minutes later. 

and a gray material  plated out on the  surface of Mg anode. 

bubbles w e r e  observed. 

was then obtained. 

and t h e  potent ia l  of t h i s  s t r i p  against t h e  charged 

found t o  be 1.45 volts .  

The open c i r cu i t  po ten t ia l  was a t  a l eve l  of 1.4 v o l t s  

Charging current was then applied t o  the system 

No gas 

A s tab le  open c i r c u i t  po ten t ia l  of 3.1 v o l t s  

A f resh s t r i p  of Mg w a s  placed i n  the  solution 

cathode was 

It is evident t h a t  t he  poten t ia l  of t he  

cathode apparently had not changed s ignif icant ly .  

- n -  
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increase i n  c e l l  potential  is  most l i k e l y  a t t r i bu tab le  t o  a more 

ac t ive  anode a s  a result of t h e  charging process. We have no 

def in i te  explanation of t h i s  phenomenon a s  yet. 

(Figure 3 page IV-21) demonstrate t he  various e f f ec t s  discussed 

above 

The curves 

The qua l i ta t ive  electrochemical test r e s u l t s  ind ica te  that :  

a. Extreme care  i n  reduction of t he  moisture content i n  the  

ce l l  systems i s  necessary t o  obtain the  bes t  r e su l t s .  

b. The true cathode reaction mechanism m a y  be d i f fe ren t  from 

t h e  proposed cathode reaction from which the  theo re t i ca l  

open c i r c u i t  potent ia l  was calculated. 

C. The abnormally high OCV after charging was probably due t o  

t h e  presence of foreign species other than Mg on t h e  anode, 

W e  believe it t o  be potassium or  sodium but this will have 

t o  be confirmed experimentally. 

- 12 - 



11. CURRENT PlIOBIXMS 

Our current problem s t i l l  i s  t o  achieve leve ls  of e lec t ro ly te  conduc- 

t i v i t y  w e l l  above lo'* ohm 

w i l l  be by s t r iv ing  t o  maximize the  so lub i l i t y  of t h e  ionizable solutes, 

while s t r iv ing  also t o  minimize the  viscosity.  The use of solutes with 

organic cations and l a rge  anions m a y  aid i n  t he  first, while the use of 

mixed solvents m a y  assist i n  the  second, 

-1 -1 
cm . Our approach t o  solution thereof 

- 13 - 



111. h?ORK TO BE PERFORKED 
DI'RING THE NEXT PERIOD 

A .  Next Quarter: 

1. Continued screening of new e lec t ro ly te  systems such as 

quaternary ammonium salts, complex salts, e tc .  

2.  Quantitative studies of t h e  e f fec t  of t h e  concentration 

of solutes on t h e  specif ic  conductance and viscosity.  

3.  Mixed solvent effects on solubi l i ty ,  viscosity,  and 

cGil&ictacs. 

4. Small c e l l  tests t o  evaluate electrode material revers i -  

b i l i t y  i n  t h e  most promising electrolytes .  

5. S t a b i l i t y  tests of separator materials i n  t he  pure solvents. 

6 .  Exploration of possible new solvents and organic solxtes.  

B. Next Month: 

1. Continued qua l i ta t ive  screening of e lec t ro ly te  systems. 

2. Continued quant i ta t ive study of more promising e lec t ro ly te  

systems - emphasizing quaternary ammonium salts. 

3 .  Study of t he  effect of mixed solvents t o  obtain fu r the r  

evidence of the  relative importance of v i scos i ty  and d i e l ec t r i c  

constant. 

- 14 - 



TABLE I. SPECIFIC CONDUCTANCE OF SOLGTIONS 
AT ROOM TEMPERAERE (25"-28" C) 

a .  PFZOPYLENE CARBONATE .......... Pages IV-1, IV-2, IV-3, IV-& 

b. DIMETHYL FORMAMIDE. .......... Pages IV-5, IV-6, IV-7  

c. TETRAITETHYL UREA.. .......... .Page IV-8 

d.  17-METHYL FORFTAMIDE ........... Page IV-9 

NOTFS: 1) 411 tests were made i n  a d r y  argon atmosphere. 

2) All s o l u t i o n s  are s a t u r a t e d  a t  less t h a n  one 
molal  concentrat ion,  u n l e s s  marked otherwise.  
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0.0109 

,0099 

1*25 

1 .SO 

1.76 

2 019 

2 -97 

3 0 9 9  

Ssmbob : 

TABLE II* PROPERTIES OF KPFe- 
DIMETHYL FORMAMIDE SOLUTIONS 

9( 25°C) L 

0 -840 0.0714 x (27°C) 

0 A95 0.506 x loo2 (27OC) 

1.206 1.73 x low2 ( 27 "C) 

1.42 

1.68 

2.02 

2 *!3 

2.92 

3 -52 

7 *18 

u -7 

2.15 x looz 
2.36 x lom2 
2.47 x 

2.48 iog2 
2.44 x lom2 
2.31 x 

1.80 x 10 

1.20 x 

-2 

(27°C) 

(27 "C) 

( 27 "C) 

(27°C) 

(27°C) 

( 2 7 9 3  

(29°C) 

( 2 8 " ~ )  

m = concentration in molality 
3 = viscosity in centipoises 
L = specific conductance in ohmo1 an-' 
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FIGURE 1. SPECIFIC CONGUCTANCE D I D  VISCOSITY 
OF KPFe-DMF SOLUTIONS 
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Symbols: 

TABLE 111. ELECTROLYTIC CONDUCTANCE OF 
MaBF, -DIMETHYL FOKMAMIDE SOLUTIONS 

m 

0 .Ol% 

0.174 

0.610 

1.01 

1.48 

1.92 

3 002 

4 2 2  

L 
~ ~- 

0,109 x (28 "C) 

0.715 x (29°C) 

1.63 x (26°C) 

2.04 x loo2 (27 "C) 

2.27 x (28 "C) 

2.17 x (28"~) 

1.81 x 10.' ( 28 "c) 

1.33 x loo2 (28°C) 

m = concentration in molality. 
L = specuic conductance in ohm'' m-1, 
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TABLE IV. ELECTROLYTIC CONDUCTANCE O F  
NaYF, - DIMETHYL FORMAMIDE SOLUTIONS 

m - 
o .401 

0 995 

1 .L96 
1.98 

2 -36 
2.88 

t -02 

L 

1.42 x ( 2 7 ° C )  

2.33 x (29°C)  

2.31 x ( 27 "C) 

2.36 x loo2 (29OC)  

2.00 x (27°C) 

1.59 x ( 2 7 ° C )  

0.h75 x (29°C) 

Symbols : 

m = concentration i n  molality 
L = specific conductance in an-' 

3.a I I I 1 1 ' 1  1 1 1 1  1 1 1 1  1 1 1 1  

L 

e 



TABLE V. ELECTROLYTIC CONDUCTANCE OF 
KPF, -PROPYLENE CARBONATE SOLUTIONS 

m L - 
1 .40 7.29 10-3 

1.20 7.30 10-3 

1 .oo 7.24 10-3 

0.80 7.19 x 10.’ 

0.603 6.78 x 10’’ 

Symbols: 

m = concentration in molality 
L = specif ic  conductance i n  ohm’’ an”- 

I I I I I I I I I 

3 



TABLE V I .  

m 

1 .bo 

1 .as 
1.005 

o .603 

0.400 

- 

0 -200 

ELECTROLYTIC COMUCTANCE OF 
NaBF,-PROPYLEW CARBWTE SOIJJTIONS 

L 

1.78 10-3 

1.77 It 

1.64 x 10.' 

1.42 10-3 

(28OC) (Saturated) 

( 28 "C ) (Saturated) 

(28Oc) 

(28Oc) 

( 2 8 " ~ )  

( 28 OC) 

concentration i n  molality 
epecific conductance i n  

2.q I I I 1 I I I I I I' 
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TABLE V I I .  SERIES OF ETHE3.S FOR 
COORDINATION STUDIES 

1) Diethyl ether CHaCHz-0 -CH,CH, 

2)  M e t h y l a l  CH3-O-CH2 -O-CH, 

3) 1, 1-dimethoxyethane CH,-O-CH( CH3) -0-CE3 

4) 1, 2-dimethoxyethane CH,-O-CH, -CH, -0-CH, 

6 ) p - d i m  eth o q b  ene ene CH3-O*-cH3 

7 ) B i s  ( 2 -ethoxyethyl) ether CH ,CH, -0 -CH , CH2 -0-CH, CH, -0 -CH, CH, 

8) 1, 2 - B i s ( m e t h o x y e t h o x y )  
ethane CH,-O-CH2CH2-O-CH,CH2 -0-CHZCH2 -O-CH, 

9 )  B i s  @-( 2 - m e t h o x y e t h o x y )  
ethyl) ether CH3-O-CF12CH2 -0-CH2CH2 -0-CH2CH2 -0-CH2CS2 -O-CH, 

Page IV-17 



TABLE V I I I -  FORMATION OF ETHER 
COMPLEXES OF SOLUTES 

M-DIMETHOXYBENZENE 

Solu te  

Specif i  Con uctance 
(ohm-f Cm-f) 

1 H r .  Exposure Observations 

B l a n k  1 1.94 10-9 -__ 
B l a n k  2 2.53 10-9 --- 
B e l ,  1.33 x lo4 (31°C) Yellow, exothermic reac t ion  

B#2 2.51 10-9 (27°C) No apparent reac t ion  

BC1, 3.24 x lo-h Red, exothermic reac t ion  

BF3 3.32 x (42.5"C) Orange color, exothermic reac t ion  

B I S  [2- ( 2 -METHOXYETHOXY) E m ]  ETHER 

1 h'r. Exposure 24 Hr. Exposure 

B l a n k  1 h.60 1.62 10-9 --- 
B l a n k  2 1.21 10-9 --- --- 
BeC1, 

BeF, 

BC 1, 

BF3 

1.49 x lo-' (38°C) 1.66 x lo-' Brown, exothermic react ion 

1.77 x (30°C) 1.27 x 

1.91 x (71°C) --- 

Milky, s l i g h t l y  exothermic 

Dark brown, exothermic react ion 

B r m ,  exothermic react ion 

reac t ion  

Note: A l l  samples were a t  room temperature (23OC-25"C) when s p e c i f i c  
conduct ivi t ies  were recorded unless  specified otherwise. 
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TEiHLE 1x0 CZLL FOTEI'ITIAL 

1) ?l&PF,-?ropylene Carbonate (Sat .) /CuF,-Cu 

I n i t i a l  OCO: rises t o  1.36 v o l t s  i n  10 minutes 

DCV s f t e r  chsrEe a t  36+a/cm f o r  6 min.: 1.38 v o l t s  

CCV af ter  d ischaree  a t  2qLa/cm f o r  70 min.: 0.54 v o l t s  

CCY a f t e r  charge 

CCV a f t e r  discharge 

? 

2 

2 

2 

a t  LqLa/cm f o r  SO rnin.: 1.3.!1 rises t o  l .hk  vGlts i n  t, h r s .  

a t  3Qdcm f o r  20 irik,.: 1.-?0 rise.: t o  l=!!j vo1t.s i n  :'I' hrs .  

2) KcfiaFP,-?ropylene Carbonate (Sat .)/CuF,-Cu 

I n i t i a l  CCV: r i s e s  t o  1.31 v o l t s  i n  20 minutes 

OCV a f t e r  d i scharee  a t  90+a/cm' f D r  70 min.: 1.31 v o l t s  

CCV a f t e r  charge a t  S@.a/cm f o r  25 nin.: 3.0 f a l l s  t o  9.9 v o l t s  i n  :i -iz. 

O W  a f t e r  charge 

CCV a f t e r  chsrge 

OCV a f t e r  charge 

3 

2 a t  1 zp/cm f o r  50 pin.: 2.56 falls t o  2.07 vlnlts i n  1.' n5r.  

at, 1 rin/cmc f o r  30 min.: 2.75 f a l l s  t c  2.30 volt ,s  i n  10 c i n .  

a t  1 rr,a/cm f o r  80 rnin.: 2.8 f a l l s  t o  2.31 v o l t s  i n  la Kin. 

n 

2 

3) I?p/K?F,-Proy?ylene Carbonate (Sat .)/NiF2-FTi 

I n i t i a l  (:CV: r i s e s  t o  1.21: v o l t s  i n  30 minutes 
z 

2 

OCV a f t e r  discharge a t  l@a/cn 

OC'J after charge a t  2 ma/cm f o r  10 rnin.: 2.98 falls t o  2.7 v o l t s  i n  z in .  

CCV after charge 

OCY a f t e r  charge 

oC,V a f t e r  charge 

f o r  10 min.: 1 . 2 1  rises t o  1-23 v o l t s  in 25 min. 

I\ 

at 2 ma/crn' f o r  20 min.: 3-08 falls t o  2.7 vdts i n  1L min. 

a t  2 ma/cm f o r  30 rnin.: 3.10 f a l l s  t o  2.7 v o l t s  i n  2 2  min. 

a t  2 ma/cm f o r  70 min.: 3.1h f a l l s  t o  3.12 v o l t s  i n  1 min. 

2 

2 
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TABLE IX . CELL POTENTIAL ( Continued) 

i 
( 

f 
8 
II 
I 
8 
1 
8 
t 
8 
8 
8 
8 
I 
I 
1 

Mg/NaBF,-Propglene Carbonate (Sat .)/NiF2-Ni 

I n i t i a l  OCV: rises t o  l e 2 L  volts in 20 minutes 

OCTT after discharge a t  

OCV after charge a t  

OCV after charge a t  

OCV a f t e r  charge a t  

OCV after charge a t  

OCV after discharge a t  

4Q~a/un~ f o r  10 rnin.: 1.31 f a l l s  t o  1.27 vo l t s  i n  10 min. 

1 ma/cm2 f o r  10 min.: 2.15 falls t o  1.44 vol t s  i n  10 min. 

0.3 ma/cm f o r  60 min.:2.32 f a l l s  t o  1 . 7 1  v o l t s  i n  10 min. 

0.2 ma/m f o r  160 min.:2.9 falls t o  1.85 vol t s  i n  10 min. 

0.25ma/cm f o r  110 min: 2.03 vol ts  

25pa/cm 

2 

2 

2 

2 fo r  20 min.: 1.37 r i s e s  t o  1.u vol t s  i n  3 min. 

Mg/KPF, -Dimethyl Formamide (0.79 molal)/NiF, - N i  

I n i t i a l  OCV: 1.20 vo l t s  

OW after discharge a t  30 pdcm 

2 OCV af te r  charge 

OcV after charge 

OCV after charge 

2 f o r  10 min.: 1.06 rises t o  1.16 vo l t s  in 30 min. 

a t  2 mdcm f o r  10 m i n . :  3.0 falls t o  1.48 vol t s  i n  2 min. 

a t  1 ma/cm2 f o r  40 rnin . :  3.1 falls t o  1.68 vo l t s  i n  2 min. 

a t  1 ma/cm 2 f o r  300 min.: 3.26 f a l l s  t o  2.47 vo l t s  i n  2 min. 

Mg/NaBF,-DMF (0.68 molal)/MiF,-Ni 

I n i t i a l  OCV: 1.22 vol t s  

OCV after discharge a t  30 pdcm 

OW after charge 

OCV after charge 

OCV after charge 

OW after discharge a t  10 &a/cm2 f o r  5 min.: 1.06 rises t o  1.52 vol t s  i n  160 min. 

2 f o r  10 min.: 1.23 f a l l s  t o  1.13 vo l t s  i n  10 min. 

a t  1 ma/cm2 f o r  10 rnin.:  2.18 fa l ls  t o  1,89 vo l t s  i n  1 min. 

a t  1 m d c m  f o r  70 m i n . :  2.22 f a l l s  t o  1.80 vo l t s  i n  3 min. 
2 a t  0.3 m d c m  f o r  17  hr.:2.42 falls t o  1.91 vol t s  i n  3 min. 

2 

Note: All current densit ies a re  approximate average values and 
are based on Mg anode area. 
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FINANCIAL DATA 

C@MTRACT NO NAS3-2790 

Third Quarter - February t o  April 1964 

Labor 

Burden (90%) 

P a t e r i a l s  and Supplies 

General and Administrative 10% 

Labor 

Burden (90%) 

Materials and Supplies 

M anh ou rs P m o u n t  

1278 $3,211 0 h . l  

3,7 90 . 27 

$7,001.68 

2,088 .!.& 

$9,089.12 

908 -91 

$9,998 -03 

A p r i l  196L 

General and Administrative 10% 

302 $ 919.92 

827 -93 

$1,747.65 

795 -09 

912,542 -94 

$2,797.23 

Estimated commitments f o r  suppl ies  - none. 


